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ABSTRACT 
A series of end-capped PAG (n-butyl, n-alkyl substituted 
polypropylene glycol) and PPGs (bis-di-alkyl-,bis-di-halo-, 
bis-di-fluoroalkylpolypropylene glycol) were synthesized. Optimum 
reaction conditions were determined in regard to time, temperature, 
react i on ratios, and solvents for each of the PAG and PPG derivatives. 
An investigation of the named PAG and PPG derivatives as 
potentially new sonar transducer fluids was carried out. Density, 
viscosity and sound speed measurements with regard to temperature, as 
well as water solubility measurements, were carried out for several of 
these derivatives. 
The des i rab 1 e properties possessed by severa 1 of these 
derivatives make them of potential value in application as transducer 
fill-fluids. 
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INTRODUCTION 
Sonar transducers are devices that transform electrical energy 
to mechanical energy and then transfer the mechanical energy which 
propagates as sound waves into water. An integral component of many 
sonar transducers is an acoustic coupling fluid which must meet the 
following general characteristics: 
1. Compatibility with other materials and components in the 
t ransducer 
2. Resistance t o physical and chemical degradation 
3. Proper acoustic properties 
Depending on t he specific application of the transducer, the following 
properties of the fill fluid must be considered: 
1. Density 
2. Viscosity 
3. Water Solubility 
4. Electrical Resistivity 
5. Stability 
Castor oil is currently the most commonly used fi 11-fl ui d for 
sonar transducers even though it has severa 1 drawbacks. The high 
viscosity and difficulty in degassing castor oil presents a problem in 
the filling of transducers during manufacture and routine maintenance. 
In addition, at low temperature and high pressure, such as encountered 
2 
when a submarine dives, castor oil becomes extremely viscous which 
leads to a decreased acoustic response of the transducer at low 
frequencies. 
Advantages and Disadvantages of Polyalkylene Glycol 
Because of the problems associated with the use of castor oil as 
a fill-fluid, the Naval Ocean Systems Center has proposed the 
polyalkyl ether glycols as possible candidates for transducer fill 
fluids . Specifically, polyalkylene glycol (PAG), a mono n-butyl 
terminated polyether [Avg MW 600] prepared from 1,2-propylene oxide, 
has been thoroughly investigated by the Naval Research Laboratory1. 
PAG is presumed to have the following structure: 
C4H9- (0-fH-CH2)xOH 
CH3 x = 9,10 
It was found that PAG has a much lower viscosity than castor oil 
and exhibits a cl ose sound speed match with seawater but has an 
unacceptabl e high water solubility. At 25°C, PAG dissolves 1.8% water 
by weight. The presence of water in the fluid degrades the electrical 
resistivity and changes the acoustic and pressure-volume-temperature 
properties. The most critical problem due to water solubility occurs 
when the temperature drops. The water dissolved in PAG separates, 
coats the interior surface of the transducer and creates the potential 
for short circuiting and failure of the transducer. In spite of the 
latter difficulty and because of the overall favorable characteristics 
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of PAG, its low cost and its low toxicity, the Navy was interested in 
continuing the study of the PAG system. The purpose of the project 
described in this Report was to synthesize a variety of new, potentia l 
transducer fill-fluids which are based on PAG or a PAG-related moiety. 
These fill-fluids should exhibit an acoustical match with sea 
water in te rms of density, sound speed and specific acoustic impedance 
t o avoid the 1 ass of energy associated with the reflection of the 
sound wave . The most important match is the specific acoustic 
impeda nee of the fluid with that of sea water. Specific acoustic 
impedance is the product of density times sound speed and has a value 
of 1.57 x 106 Kg/m2 s at 25°C for sea water. Density and sound speed 
of the flu id taken individually must also possess a close match with 
the target va 1 ues of 1030 Kg/m3 for density and 1528 m/ s for sound 
speed at 25°C. 
Polyalkylene Glycol/Polyp ropylene Gl ycol Derivatives 
Since high water solubility is the major drawback of PAG, this 
problem received first consideration. Thus, it was proposed to modify 
the molecular structure of PAG by end-capping the hydroxyl group with 
an alkyl group. The rationale behind this course of action was that 
capping the hydroxyl group would decrease water solubility since a 
maj or cause is the hydrogen bonding between the hydroxyl group and 
water. 
The economic considerations imposed on this project were that 
the derivatives synthesized should have low to moderate production 
costs when scaled up to large quantities. In investigating potential 
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synthetic routes to end-cap PAG, guidelines based on desired proper-
ties, economics, safety and available equipment used to select poten-
tial reactions were as follows: 
1. Reactions must be run at atmospheric pressure. 
2. Reactions should be run at low to moderate temperatures. 
3. Reagents should be of low toxicity. 
4. Reactions must be selective with little or no by-products 
formed. 
5. Following established synthetic methodologies in the 
chemical literature, a series of alkyl end-capped PAGs 
would be synthesized. 
6. The density of each synthesized derivative would be 
measured. The idea 1 transducer f il 1-fl u id shou 1 d have a 
density slightly greater than seawater (about 1030 Kg/m3). 
7. If the density of a synthesized derivative was reasonably 
close to the ideal value, approximately 200 ml of fluid 
would then be prepared in order to carry out density, sound 
speed and viscosity measurements as a function of 
temperature. In addition, water solubility determinations 
would be made. 
8. In order to synthesize symmetric molecules with a variety 
of capping groups, a series of polypropylene glycol (PPG) 
[Avg M W 725] a 1 kyl end-capped derivatives wou 1 d al so be 
synthesized and investigated. PPG is presumed to have the 
following structure: 
5 
H-(O-fH-CH2)xOH 
CH3 x = 12, 13 
For both PAG and PPG it is assumed that these oligomers are 
stereoregular polymers as opposed to atactic 
nonstereoregular polymers. Because the exact addition of 
each propylene oxide monomer in the polymerization is not 
known, it is feasible that PAG and PPG coud have the 
following structure: 
or 
where y + z = x and can be in any sequence. The uncer-
tainty in the structure would allow for these possibili-
ties. The end hydroxyl group in PAG could be primary or 
secondary and in PPG both groups could be primary, secon-
dary or a combination. This uncertainty in the structure 
of the molecule could play a role in the reactivity of the 
mo 1 ecul e and in determining the exact structure of the 
derivatives to be synthesized. 
9. In order to investigate a simultaneous decrease in water 
solubility and increase in density, a series of symmetric, 
6 
fluoroalkyl end-capped PPG derivatives would also be 
synthesized and investigated. 
EXPERIMENTAL 
The specific chemicals used in the following re.actions and 
product work-ups are listed in Table I. 
Preparation of End-Capped PAG or PPG Using Alkyl Halides (Table II) 
Procedure Under Aqueous Conditions 
The specified molar amount of 50% (w/w) aqueous NaOH was added 
to a 500-ml , t hree-necked, round-bottomed flask, equipped with a 
Friedrichs condenser and mechanical stirrer. If a phase transfer 
catal yst was used, the specified molar amount was dissolved in a 
minimal amount of deionized water and added to the aqueous NaOH 
solution . The specified molar amount of previously-dried (molecular 
sieves) PAG or PPG was then added and the solution was allowed to stir 
vigorously for thirty minutes followed by rapid addition of the 
specified mol ar amount of alkyl halide. When addition of the alkyl 
halide was complete, the dropping funnel was removed and replaced with 
a thermometer. The solution was heated to the specified temperature 
for t he specified number of hours. 
Procedure Under Anhydrous Conditions 
To a 500-ml, three-necked, round-bottomed flask equipped with a 
Friedrichs condenser, anhydrous calcium chloride drying tube and 
mechanical stirrer was added 100 ml of previously-dried (molecular 
sieves) hexamethylphosphoramide (HMPA) and the specified molar amount 
of previously-dried (molecular sieves) PAG or PPG. The specified 
TABLE I 
Specifications of Chemicals and Reagents 
Acetonitrile (99%): Aldrich Chemical Co. 
Benzene: Fischer Scientific Co. 
l-Bromo-2-fluoroethane: Fairfield Chemical Co. 
2-Bromopropane: Eastman Chemical Co. 
1-Bromopropane: Aldrich Chemical Co. 
Calcium Chloride, anhydrous: J. T. Baker Chemical Co. 
Carbon Tetrabromide (99%): Aldrich Chemical Co. 
Carbon Tetrachloride: Mallinckrodt, Inc. 
1-Chlorobutane: Aldrich Chemical Co. 
l-Chl oro-2-methylpropane (98%): Aldrich Chemical Co. 
Chlorotrimethylsilane (98%): Aldrich Chemical Co. 
18-Crown-6 (99%): Aldrich Chemical Co. 
Diethylami nosul f ur Trifluoride: Aldrich Chemical Co. 
Diethyl Ether: Mallinckrodt, Inc. 
Hexamethylphosphoramide (99%): Aldrich Chemical Co. 
Hexane: Mallinckrodt, Inc. 
Hydrochloric Acid: Mallinckrodt, Inc. 
Iodoethane (99%): Aldrich Chemical Co. 
Iodomethane (99%): Aldrich Chemical Co. 
Lithium Aluminum Hydride: Alfa Products 
Lithium Bromide, anhydrous (99+%): Aldrich Chemical Co. 
Magnesium Sulfate, anhydrous: Mallinckrodt, Inc. 
8 
TABLE I (Continued) 
Methylene .Chloride: Mallinckrodt, Inc. 
Neopentyl Chloride: Pfaltz & Bauer, Inc. 
Nitrogen : Ai rco, Inc. 
Perfluoropropyl Iodide (99%): Aldrich Chemical Company 
Phosphorous Pentoxide, anhydrous: Aldrich Chemical Co. 
Polyalkylene Glycol, Ucon Lubricant [Avg MW 600]: Union Carbide 
Polypropylene Glycol [Avg MW 725]: Aldrich Chemical Co. 
Potassium Fluoride, anydrous (99.5%): Aldrich Chemical Co. 
Sod i um: Matheson Coleman & Bell 
Sodium Bicarbonate: Mallinckrodt, Inc. 
Sodium Borohydride: Ventron 
Sod ium Chl oride: Mallinckrodt, Inc. 
Sodium Hydride: Alfa Products 
Sodium Hydroxide: Mallinckrodt, Inc. 
Sodium Potassium Tartrate: General Chemical Co. 
Sodium Sulfate, anhydrous: J. T. Baker Chemical Co. 
Tetrabutylammonium Hydrogen Sulfate: Aldrich Chemical Co. 
Tetrahydrofuran (99.5%) Gold Label: Aldrich Chemical Co. 
p-Tol uenesulfonyl Chloride (98%): Aldrich Chemical Co. 
2,2,2-Trifluoroethanol (99+%) Gold Label: Aldrich Chemical Co. 
2,2,2-Trifluoroethyl Iodide (99%): Aldrich Chemical Co. 
2,2,2-Trifluoroethyl p-Toluenesulfonate: Aldrich Chemical Co. 
Trifluoromethanesulfonyl Chloride (99+%) Aldrich Chemical Co. 
Triphenylphosphine (99%): Aldrich Chemical Co. 
9 
10 
mola r amount of NaH was then added in small portions. Upon addition 
of NaH, foaming and gas evolution was observed. The vigorous foaming 
was allowed to subside before additional portions of NaH were added. 
Whe n addition of NaH was complete, the specified amount of 
previ ously-dried (molecular sieves) alkyl halide was dropped into the 
HMPA/alkoxide solution at such a rate so as to keep the foaming under 
control. When addition of the alkyl halide was complete, the dropping 
funnel was removed and replaced with a thermometer. The solution was 
t hen heated to the appropriate temperature for the specified time. 
Product wo rk-up . The reaction solution was cooled to room 
t emperature and vacuum f i 1 tered to remove so 1 ids, if present. The 
solution was then transferred to a 1-liter separatory funnel contain-
i ng 200 ml of benzene and washed consecutively with 3 x 200 ml of 
deionized water and 1 x 200 ml of 5% HCl solution. 
If an emulsion formed after shaking and venting the first 
deionized water wash of the reaction solution that would not break up 
after thirty minutes, several grams of NaCl were added and the solu-
tion shaken to dissolve the NaCl. If an emulsion developed during the 
first washing , the r emaining washings were carried out with saturated 
NaCl sol ution. 
After layer separation occurred, the organic layer was separ-
ated, dr ~ ed over anhydrous Na2so4 or MgS04 overnight, vacuum filtered, 
concentrated in vacuo to remove benzene and any unreacted alkyl halide 
and then an infrared spectrum was obtained. 
11 
Any de vi at i ans from the above described product work-up for a 
particular alkyl capped PAG or PAG product are indicated in the 
footnotes to Table II. 
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Preparation of Halogen End-Capped PAG Derivatives 
Procedure for Bromo End-Capped PAG Using Chlorotrimethylsilane/ 
Lithium Bromide (Table III ) 
To a 1-liter, three-necked, round-bottomed flask equipped with 
mechanical stirrer, Friedrichs condenser, drying tube and a nitrogen 
inlet was added acetoni trile which had been previously-dried over 
molecular sieves. Lithium bromide was then added with vigorous 
stirring to insure that it dissolved. Chlorotrimethylsilane was added 
via a pressure-equalized dropping funnel at a rapid rate and allowed 
to mix thoroughly. PAG was then added via a pressure-equalized 
dropping funnel at a rapid rate and the solution heated to reflux. 
All reagents were added under a N2 blanket but some reaction runs 
maintained a continuous N2 stream for the duration of the reaction 
while others did not. Specific molar amounts and reaction conditions 
for each run are presented in Table III . 
In the product work-up, the reaction solution was first cooled 
to room temperature and then taken up in 400 ml of diethyl ether. 
The ether solution was washed consecutively with 2 x 200 ml of 
deionized water, 1 x 200 ml of 10% aqueous NaHC03 solution and 1 x 
200 ml of saturated NaCl. The ether solution was dried over Na2so4 
overnight, vacuum fi 1 tered, concentrated in vacuo to remove di ethyl 
ether, a.cetonitrile and any unreacted chlorotrimethylsilane and then 
an infrared spectrum was obtained. 
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TABLE III 
Reaction Conditions for Synthesis of Bromo End-Capped PPG 
Me 3SiCl/LiBr 
(2) (3) 
C H -(0-CH-CH )-OH C4H9-(0-fH-CH2)xBr 4 9 I 2 x 
CH3 CH 3 
( 1) 
Solvent Molar Ratio Time N2 
Run # Vol (ml) ( 1) : ( 2) (3) (hrs) Blanket Footnotes 
1 350 0.1 0.25 0.2 20 Yes 1,2 
2 400 0.1 0.25 0.2 22 No 
3 400 0.1 0.21 0.2 52 No 
4 350 0.1 0.25 0.2 65 Yes 1;2 
Footnotes 
1. The nitrogen flow through the system had blown all of the solvent 
out of the system. 
2. The product was a thick, viscous, brownish-black liquid. 
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Procedure for Ha 1 ogen End-Capped PPG Using Tri phenyl phos ph; ne/ 
Carbon Tetrahalide (Table IV ) 
Preliminary reagent preparation: 
1. freshly-distilled acetonitrile which had previously been 
dried over molecular sieves 
2. freshly-distilled carbon tetrachloride which had previously 
been dried over anhydrous calcium chloride 
3. dry triphenylphosphine stored over phosphorous pentoxide 
which had previously been dissolved in dry benzene and then 
the benzene distilled in vacuo to azeotrope off any water 
Specific chloro-capped PPG procedure. To a 500-ml, single-
necked, round-bottomed flask was added 53 g of dry triphenylphosphine 
and approximately 100 ml of dry acetonitrile or the designated molar 
amount of carbon tetrachloride if functioning as both solvent and 
reagent. The solution was warmed and magnetically stirred to promote 
dissolu tion of triphenylphosphine. After the triphenylphosphine was 
dissolved, a solution containing approximately 100 ml of dry aceto-
nitrile, 72 g of dry PPG and 20 ml of dry carbon tetrachloride (if 
acet onitrile was the solvent) was added via a pressure-equalized 
dropping funnel. If carbon tetrachloride also functioned as solvent, 
only PPG was added. The PPG/CC1 4 solution was added over a twenty 
minute time period since the reaction was exothermic. The reaction 
solution was observed to turn orange-yellow in color. 
17 
After complete addition of the PPG/CC1 4 solution, the dropping 
funnel was replaced with a condenser fitted with a drying tube. The 
reaction was magnetically stirred and heated to reflux for the speci-
fied time. 
Specific bromo end-capped PPG procedure. To a 500-ml, single-
necked, round-bottomed flask was added the specified molar amount of 
carbon tetrabromide and approximately 100 ml of dry acetonitrile. 
After the carbon tetrabromide had dissolved, the specified amount of 
PPG was added and the sol ution stirred thoroughly to insure mixing. 
The appropriate molar amount of triphenylphosphine, dissolved in 
approximately 150 ml of warm dry acetonitrile, was then added dropwise 
over a twenty-minute period. When triphenylphosphine addition was 
complete, the dropping funnel was replaced with a condenser fitted 
with a dryi ng tube and the reaction allowed to proceed at the speci-
fied temperature for the specified time. 
The same product work-up was used for both ch 1 oro- and bromo-
capped PPG synthesis procedures. The reaction solution was cooled to 
room temperature and any solid present removed via vacuum filtering. 
' 
Excess triphenylphosphine, triphenylphosphine oxide and carbon tetra-
bromide and/or carbon tetrachloride were the impurities present which 
must be removed. The first three compounds were solids which were 
soluble in acetonitrile. These solids were removed through repeated 
concentration, precipitation and filtration steps. The reaction 
solution was concentrated to about 60% of original volume in vacuo and 
then allowed to stand overnight. Any precipitated solids were removed 
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and the filtrate concentrated in vacuo again and allowed to stand 
overnight. The concentration, precipitation and filtration steps were 
repeated until all of the acetonitrile was removed. Once all of the 
acetonitrile was removed, but before the solution was allowed to 
stand, approximately 150 ml of dry hexane was added to put the product 
in solution and precipitate any remaining impurities. The concentra-
tion, precipitation and filtration steps were repeated until no more 
sol ids precip itated out. After each filtration, more hexane was added 
to keep the product i n so 1 u ti on • I f th i s was not done , the vi s co u s 
polymer product and solids produced a semi-solid which was impossible 
to purify. 
After all solids were removed, the hexane was removed by distil-
la t ion in vacuo and an infrared spectrum obtained. 
TABLE IV 
Reaction Conditions for Synthesis of Dihalogen End-Capped PPG 
Using Triphenylphosphine/Carbon Tetrahalide 
(Ph) 3P CX4 
19 
H-(0-CH-CH )-0-H I 2 x _______ (___ 2 ) _____ ( ___ 3...:.-) ~ X-f H-CH2-( O-f H-CH2) x~l 
CH3 CH3 CH3 
( 1) 
Mo le Ratio Temp Time 
RX # X (1) (2) : (3) Solvent (oc) (hrs) 
VIII 1 Cl 0.10 0.20 : 2.07 CC1 4 Reflux 20 
VIII 2 Cl 0.10 0.2 : 0.21 CH3CN Reflux 18 
XI 1 Br 0.05 0.10 : 0.10 CH3CN Reflux 20 
XI 2 Br 0.1 0.2 0.1 CH3CN Ice bath 20 
XI 3 Br 0.1 0.2 0.1 CH3CN 23 20 
20 
Procedure for Difluoro End-Capped PPG Using Diethylaminosulfur 
Trifluoride/ PPG 
H-0-CH-CH -(0-CH-CH )-OIH I 2 I 2 x-
CH3 CH 3 
------~ F-CH-CH2-(0-CH-CH )-F 7 I f 2 x-1 
CH3 CH3 
To a 250-ml, three-necked, round-bottomed flask equipped with a 
Friedrichs condenser, drying tube and mechanical stirrer was added 
9.1 ml (0.07 mole) of diethylaminosulfur trifluoride and 25 ml of cold 
methylene chloride which had previously been dried over anhydrous 
calcium chloride and then chilled in dry ice. With stirring, the 
sol ution was cooled to -85°C in a dry ice/acetone bath. 
A solut ion of 25 g (0.034 mole) of previously-dried (molecular 
sieves) PPG in 25 ml of dry methylene chloride was then added drop-
wi se. After complete addition of PPG, the solution was stirred for 
approximately five minutes at -85°C. The dry ice/acetone bath was 
then removed and replaced with an ice water bath and the solution was 
stirred for thirty minutes. After thirty minutes the ice bath was 
then removed and the solution allowed to come to room temperature. 
Stirring was continued at room temperature for eighteen hours. 
The reaction mixture was transferred to a separatory funnel and 
washed consecutively with 4 x 200 ml of deionized water and 1 x 200 ml 
of 5% NaHco3. The first contact of the reaction solution with water 
must be done cautiously and in small portions as any unreacted 
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diethylaminosulfur trifluoride present reacts violently with water. 
The organic 1 ayer was dried over anhydrous Na2so4 overnight, vacuum 
filtered, concentrated in vacuo to remove methylene chloride, and an 
infrared spectrum then obtained. 
Procedure for Difluoro End-Capped PPG From Oichloro End-Capped 
PPG/KF 
KF, 18-Crown-6 
Cl-CH-CH2-(0-CH-CH2)-Cl l I x-
CH3 CH3 
To a 500-ml, three-necked, round-bottomed fl ask equipped with 
Fr i edr ichs condenser, drying tube and mechani ca 1 stirrer was added 
·5.1 g (0 .019 mole) of 18-Crown-6 dissolved in 100 ml of freshly-
di st i 11 ed acetoni tril e. With stirring, 7.2 g (0.12 .mole) of 
previously-dried (at 180°C for five days) anhydrous KF was added. 
The solution was heated and vigorously stirred for thirty 
minutes to dissolve the KF. A solution of 23.5 g (0.031 mole) of dry 
dichl oro capped PPG [Avg M W 762] in approximately 20 ml of freshly 
di stilled acetonitrile was then added and the reaction mixture heated 
to reflux for nine days. 
The reaction mixture was cooled to room temperature, vacuum 
filtered to remove solids, transferred to a separatory funnel and 
approximately 200 ml of deionized water was added. When an emulsion 
formed, approximately 200 ml of diethyl ether was added. Shaking and 
22 
venting caused separation into three layers. The top organic layer 
was washed twice with deionized water and dried over anhydrous Na 2so4. 
Anhydrous Na 2so4 was added to the middle emulsion layer, breaking the 
emulsion into an organic layer and wet Na 2so4. Both organic layers 
were vacuum filtered and combined. The solution was then concentrated 
in vacuo to remove acetonitrile and diethyl ether and an infrared 
spect rum was obtained. 
Hydrogenolysis of Dichloro Capped PPG (Table V ) 
Procedure A 
To a 500-ml, three-necked, round-bottomed flask equipped with 
Friedrichs condenser and mechani ca 1 stirrer was added the specified 
molar amount of dichloro end-capped PPG [Avg M W 762] and the speci-
f i ed vo1ume of solvent. The reactions run at elevated temperatures 
were at this point heated to the specified temperature. A solution of 
the specified molar amount of sodium borohydride dissolved in an 
appropriate amount of deionized water to make a ten molar solution was 
added over a thirty-minute period to the stirring dichloro end-capped 
PPG solution and the reaction run at the specified temperature for the 
specified time. 
The reaction mixture was cooled to room temperature, transferred 
to a sepa ratory funne 1 , washed with 4 x 200 ml of warm deionized 
water. The organic layer was separated, dried over anhydrous MgS04 
overnight, vacuum fi 1 tered, concentrated in vacuo to remove to 1 uene 
and an infrared spectrum obtained. 
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Procedure B 
To a 250-ml, three-necked, round-bottomed fl ask equipped with 
Friedrichs condenser, drying tube and mechanical stirrer was added the 
specified molar amount of LiAlH4 followed by 100 ml of 
freshly-distilled tetrahydrofuran (THF) if a solvent was used. With 
stirring, the specified molar amount of dichloro end-capped PPG [Avg M 
W 762] was added dropwise. If no solvent was used in the reaction, 
the order of addition of reagents was reversed. Caution must be 
exercised in the addition of LiAlH4 to dichloro-capped PPG as H2 gas 
evolves. LiA1H4 must be added in very small portions with complete 
mixing between additions. The reaction was then heated to the 
specified tempe rature for the specified time. 
The reaction mixture was cooled to room temperature followed by 
dropwise addition of 100 ml of 1 to 1 (v/v) ratio of water/THF to 
decompose any unreacted LiAlH4. Twenty ml of a saturated solution of 
sodium potassium tartrate were then added, thoroughly mixed and then 
the reaction solution was vacuum filtered to remove any solids. The 
filtrate was transferred to a separatory funnel and washed with 3 x 
200 ml of deionized water. The organic layer was separated, dried 
over anhydrous Na2so4 overnight, vacuum filtered, concentrated in 
vacuo to remove THF and an infrared spectrum was obtained. 
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Preparation of 2,2,2-Trifluoroethyl End-Capped PPG Using Dichloro 
End-Capped PPG/CF3CH20H (Table VI ) 
Procedure A 
Metallic sodium (5.8 g, 0.25 mole) was added in small portions 
with stirring to a 250-ml Erlenmeyer flask containing 30 ml (0.30 
mole ) of 2,2,2-trifluoroethanol. Due to the slow reactivity of sodium 
toward the alcohol, the solution was heated gently on a stirrer hot 
plate. The solution became a slurry and then solidified entrapping 
unreacted sodium. More 2,2,2-trifluoroethanol was added in order to 
dis sol ve the solid and react with the remaining sodium. 
The a1kox i de solution was transferred to a 250-ml, single-
necked, round -bottomed flask fitted with a Claisen adapter connected 
to a Friedrichs condenser fitted with a drying tube and a pressure-
equa 1 i zed dropping funnel. With magnetic stirring, 78 g (0.10 mole) 
of dichloro end-capped PPG [Avg MW 762], was then slowly ~dded. Upon 
complete addition of the dichloro end-capped PPG, the dropping funnel 
was replaced by a thermometer and the reaction mixture stirred for 
twenty hours at room temperature and then heated to 89°C for 
twenty-four hours. 
Using a simple distillation apparatus, 2,2,2-trifluoroethanol 
was removed (distilled over at 80°C), the pot residue cooled to room 
temperature, solids removed by vacuum filtration and an infrared 
spectrum was obtained. 
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Procedure B 
To a 250-ml, three-necked, round-bottomed flask equipped with a 
mechani ca 1 stirrer and a Friedrichs condenser fitted with a drying 
tube, was added the specified molar amount of 2,2,2-trifluoroethanol. 
The appropriate base was then added in small portions in the specified 
molar amount. Additional solvent/solvents (type and volume specified) 
were added to the solut ion to dissolve the sodium ethoxide generated. 
The specified molar amount of dichloro end-capped PPG [Avg MW 762] 
was added slowly and the reaction heated to the specified temperature 
for the specified time. 
The reaction mixture was cooled to room temperature, vacuum 
fi ltered to remove solids, dissolved in approximately 100 ml of 
diethyl ether, transferred to a separatory funnel and washed with 4 x 
200 ml of deionized water. The organic layer was separated,_ dried 
ove r anhydrous Na2so4 overnight, vacuum filtered, concentrated in 
vacuo to remove diethyl ether and an infrared spectrum obtained. 
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Preparation of 2,2,2-Trifluoroethyl End-Capped PPG Using PPG/2,2,2-
Trifluoroethyl p-Toluenesulfonate (Table VII) 
The specified molar amounts of previously-dried (molecular 
sieves) PPG, base and approximately 50 ml of HMPA were added to a 
500-ml, th ree-necked, round-bottomed flask equipped with a mechanical 
st irrer and a Friedri chs condenser fitted with drying tube. When NaH 
was used it was added in small portions with complete mixing between 
additions. 
When foaming subsided , a solution of the specified molar amount 
of 2s 2,2-trifluoroethyl p-toluenesulfonate dissolved in 50 ml of HMPA 
was added dropwise to the PPG/HMPA solution. The reaction was then 
heated to the specif i ed temperature for the specified time. 
The reaction mixtu re was cooled to room temperature, taken up in 
approxi matel y 300 ml of diethyl ether and vacuum filtered to remove 
solids. The f i ltrate was transferred to a separatory funnel and washed 
with 1 x 200 ml of deionized water (foaming problems experienced) and 
3 x 200 ml of saturated NaCl solution. The ether layer was separated, 
dried over anhydrous Na2so4 overnight, vacuum filtered and 
concent rated in vacuo to remove diethyl ether. 
For reactions run under anhydrous conditions, excess 2,2,2-
t r ifluoroethyl p-toluenesulfonate was removed in a hydrolysis pro-
cedure as follows: The reaction product was added to a 250-ml , 
single-necked, round-bottomed flask containing 100 ml of 10% (w/w) 
aqueous NaOH solution and fitted with a Claisen adapter, condenser and 
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thermometer. The solution was heated to 80°C and magnetically stirred 
for sixteen hours. 
The reaction mixture was cooled to room temperature, taken up in 
approximately 50 ml of diethyl ether, transferred to a separatory 
f unnel and the aqueous layer separated. Approximately 100 ml of a 
4 to 1 hexane/diethyl ether solution was added to the organic layer 
which was then washed in sma ll volumes with 2 x SQ ml of deionized 
water. The combined organic 1 ayers were washed with 1 x 100 ml of 
deionized water, dried over anhydrous Na2so4 overnight, vacuum 
fil te red, concentrated in vacuo to remove diethyl ether and an 
inf rared spectrum was obtained. 
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Preparation of 2,2,2-Trifluoroethyl End-Capped PPG Using PPG/2,2,2-
Trifluoroethyl Trifluoromethanesulfonate 
Synthesis of 2,2,2-Trifluoroethyl Trifluoromethanesulfonate 
Reagent 
0 
II 
CF3-11-c1 + CF3CH2-0-H 
0 
A 11 so 1 vents and reagents were coo 1 ed in dry ice. Methylene 
chloride and triethylamine were previously-dried over molecular 
sieves. A 500-ml, three-necked, round-bottomed flask equipped with 
mechanical stirrer and thermometer was cooled in a dry ice/isopropyl 
alcohol bath. Twenty-five g (0.148 mole) of trifluoromethane sulfonyl 
chlo r ide and approximately 75 ml of dry methylene chloride were added 
to t he flask and the sol ution was stirred under a nitrogen· blanket. 
A solution containing 15 ml (0.193 mole) of dry 2,2,2-tri-
fl uoroethano 1 and 13 ml ( 0. 094 mo 1 e) of dry tri ethyl amine were added 
dropwise so as to maintain the temperature at -60°C. After the 
addition was complete, the dropping funnel was replaced with a 
Friedrichs condenser fitted with a drying tube. The reaction was 
st i rred for ten minutes at dry ice/isopropyl bath temperature and then 
the bath was removed. If a sudden exotherm was observed, the bath was 
replaced. Upon removal of the bath, if no exotherm observed, the 
reaction solution was allowed to warm to 0°C. At this point an ice 
water bath was placed under the reaction vessel and the reaction 
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stirred at this temperature for thirty minutes. After thirty minutes 
the ice bath was removed and the reaction allowed to warm to room 
temperature. It was stirred at room temperature for one hour, then 
allowed to stand overnight before work-up. 
The reaction mixture was transferred to a separatory funnel and 
washed consecutively with 1 x 100 ml of 5% HCl, 1 x 100 ml of 5% 
NaHC03, and 2 x 100 ml of deionized water. The organic layer was 
separated, dried over anhydrous MgS04 overnight and then vacuum 
filte red. 
Methylene chloride was distilled from the reaction solution with 
a simple distillation set-up leaving in the pot a brown residue. This 
brown residue was distilled using a short path distillation apparatus 
from which 0.309 g of a clear, colorle$s liquid with b.p. 83°C was 
isolated. This liquid was identified by IR and NMR as 2,2,2-tri-
fluoroethyl trifluoromethanesulfonate which was obtained in a 1% 
yield. 
End-Capping of PPG Using 2,2,2 Trifluoroethyl Trifluoromethane-
Sulfonate/PPG 
H-(O-fH-CH2)xO-H 
CH3 
---~ CF3CH 2-(0-fH-CH2)xO-CH2CF3 
CH3 
33 
To a 100-ml, single-necked, round-bottomed flask were added 
0.309 g (0.0014 mole) of · 2,2,2-trifluoroethyl trifluoromethanesulfo-
nate, 20 ml of HMPA and 0.508 g (0.0007 mole) of dry PPG. The flask 
was then equipped with a Claisen adapter, condenser and thermometer. 
The soluti on was heated at 150°C and stirred magnetically for four 
days . 
The reaction mixture was cooled to room temperature and taken up 
in 25 ml of diethyl ether. A black solid which was not soluble in 
diethyl ether was present in the reaction flask. The ether solution 
was transferred to a separatory funnel and washed with 
3 x 50 ml of a 5% HCl solution (deionized water wash caused emulsion 
formation). The ether layer was separated, dried over anhydrous 
Na 2so4 ove rnight, vacuum filtered, and concentrated in vacuo to remove 
diethyl ether and any unreacted 2,2,2-trifluoroethyl trifluoromethane-
sulfonate. An infrared spectrum was obtained. 
Preparation of 2,2,2-Trifluoroethyl End-Capped PPG Using Tosyl-Capped 
PPG/CF3CH20H 
~nthesis of Tosyl End-Capped PPG (Table VIII) 
Thirty ml of previously-dried (molecular sieves) benzene were 
added to a 1-liter, three-necked, round-bottomed flask equipped with 
mechanical stirrer and Friedrichs condenser fitted with a drying tube. 
In small portions, the specified amount of NaH (60% dispersion in oil) 
was added to the stirring benzene. The specified molar amount of dry 
PPG in 100 ml of dry benzene was then slowly dropped into the NaH 
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solution. After foaming and gas evolution had subsided, a solution of 
the specified molar amount of p-toluenesulfonyl chloride in 200 ml of 
benzene was slowly added dropwise and the reaction mixture was heated 
to the specified temperature for the specified time. 
After cooling to room temperature, the reaction mixture was 
vacuum fi 1 tered, concentrated in vacuo to remove benzene and excess 
p-tol uenesulfonyl chloride was removed by distillation (Kugelrohr, 
110°c at 0.2-mm Hg). 
Synthesis of 2,2,2-Trifluoroethyl End-Capped PPG (Table IX) 
Thirty ml of previously-dried (molecular sieves) THF and the 
specified molar amount of 2,2,2-trifluoroethanol were added to a 
1-1 i ter, three-necked, round-bottomed fl ask equipped with mechani ca 1 
stirrer and Friedrichs condenser fitted with a drying tube. The 
specifi ed molar amount of NaH (60% dispersion in oil) was then added 
in small portions with complete mixing between additions. After the 
foaming subsi ded , the previously synthesized tosyl end-capped PPG 
[Avg MW 1033] dissolved in 100 ml of dry THF was slowly added 
dropwise and the reaction mixture was heated to the specified tempera-
ture for the specified time. 
After cooling to room temperature the reaction mixture was 
vacuum filtered and then concentrated in vacuo to remove THF and any 
unreacted CF3cH20H. The residue was taken up in 200 ml of benzene, 
transferred to a separatory fu·nnel and consecutively washed with 4 x 
200 ml of 5% HCl. After each HCl washing, approximately thirty 
minutes were required for separation to occur. The organic layer was 
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separated, dried over anhydrous Na2so4 overnight, vacuum filtered, 
concentrated in vacuo to remove benzene and an infrared spectrum 
obtained. 
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TABLE VII I 
Reaction Conditions for Synthesis of Tosyl End-Capped PPG 
H-(0-CH-CH )-0-H l 2 x 
CH3 
( 1) 
Mole Ratio 
Run # (1) : (2) : (3) 
1 0.05 0.11 
2 0.05 0.11 
3 0.185 0.37 
4 0.185 0.07 
Temp Time (oC) (hrs) Footnotes 
0.3 50 20 1 
0.2 50 20 
0.4 Reflux 20 
0.1 Reflux 20 2 
Footnotes 
1. During the removal of the excess tosyl chloride by distillation 
the reaction solution was heated to 129°C at 2.0 mm Hg. At this 
temperature the product charred, rendering it unsuitable for fur-
ther reactions. 
2. The reaction was second alkylation of product of reaction run 
directly above. 
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Physical Testing Methodology 
Viscosity 
38 
Viscosity as a function of temperature was measured with a 
Brookfield Rheolog Viscometer. This rotational viscometer measures 
the torque required to rotate an element in a liquid and relates this 
torque to viscosity. Signal output is converted to viscosity units. 
The vi scometer was previously calibrated with standard oils of 
known viscosity over the temperature range of 0°C to 50°C. Eight ml 
of the sample to be measured was pipetted into the stainless steel 
sample holder, stoppered and placed in a Neslab Endocal refrigerated 
circulating bath (model RTE-8) for thirty minutes to equilibrate. At 
the end of thirty minutes the samp 1 e holder was removed, dried and 
placed in the insulated sample holder stand. The rotating spindle of 
the viscometer was then aligned with the sample holder stand and 
lowered into the sample holder. In order to allow for steady, repro-
ducibl e revolutions/minute of the spindle, measurements were taken at 
thirty and sixty rpm with a two-minute equilibration time period from 
the time the spindle began rotating to the time the measurement was 
taken. 
After the measurement was taken, the circulating bath was 
increased 3-5 degrees, the sample holder stoppered and placed back in 
the ba tfl to equilibrate to the new set tempera tu re. This procedure 
was repeated over the desired temperature range. Viscosity was 
calculated from the equation: 
n = (output value) X (chart expansion) X (spindle factor) 
n = viscosity in centipoise (g/cm s) 
spindle factor - 125 for 60 rpm setting 
250 for 30 rpm setting 
Density 
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The change of density with temperature was measured using a 
100-ml capacity graduated Cassia flask which had previously been 
calibrated with boiled deionized water. The clean, dry Cassia flask 
was first weighed empty, then filled with approximately 102 ml of 
sample and weighed. The difference in these two weights was the 
sample weight. 
The f lask was placed in a Neslab Endocal refrigerat~d circulat-
ing bath (model RTE-8) for thirty minutes to equilibrate. At the end 
of thirty minutes the flask was removed, dried and a volume measure-
ment taken. After the measurement was taken, the circulating bath was 
increased 3-5 degrees and the fl ask returned to the bath to equil i-
brate at the new set temperature. This procedure was repeated over 
the desired temperature range. 
Al l density measurements reported only at 25°C were made using a 
2-ml or a 25-ml pycnometer depending upon sample size. These pycno-
meters were calibrated using boiled deionized water. The clean, dry 
pycnometer was weighed empty, then filled with sample and placed in a 
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Lauda/Brinkmann RC20 series (mode T-2) refrigerated circulating bath 
and a 11 owed to equilibrate for thirty minutes. After thirty minutes 
the pycnometer was rinsed with acetone to remove excess samp 1 e from 
the outside glass surface, then dried and weighed. The difference in 
weights wa s the sample weight at 25°C. Density values were calculated 
f rom the following equation: 
p = 
(weight of samp le in g) 
(vo l of pycnometer in cm3) 
p - density in g/ml 
Sound Speed 
The speed of sound in the fluid of interest as a function of 
t emperature was measured with a Mapco Nusonics Sonic Solution Monitor 
(model 6105). A 100-ml beaker was filled with approximately 80 ml of 
sample and the probe connected to the Sonic Solution Monitor was 
immersed i n the sample fluid. Parafilm was wrapped around the top of 
the beaker and probe to seal out any water which could contaminate the 
sample from the temperature bath. The beaker was then placed in a 
Neslab Endocal refrigerated circulating bath (model RTE-8) for thirty 
minutes to equilibrate. After thirty minutes, an output frequency 
value was recorded from a Hewlett Packard Electronic Counter (model 
5512A). The circulating bath was then increased 3-5 degrees and the 
fluid allowed to equilibrate ~t the new set temperature. This proce-
dure was repeated over the desired temperature range. 
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An acoustic pulse of 1.8 megahertz was transmitted through the 
fluid from a transmitting transducer at the top of the probe to a 
reflector at the bottom of the probe . The reflected signal traveled 
back through the fluid to a receiving transducer at the top of the 
probe. The receiving transducer then initiated a second pulse from 
the t ransmitting transducer to repeat the cycle. This cycling con-
tinued at a rate limited by the reaction time of the electronics plus 
the pulse transit time through the fluid. This action is commonly 
referred to as the "sing around" effect. The output frequency of this 
continuous cycling is di rectly related to the sound velocity of the 
f luid and wa s calculated from the equation below: 
C = A X D X ( 1 + YT ) 
7 - (B X F X 10-6) 
C = sound veloc ity (m/s) 
A = sound path length (m) 
B = electronic time del ay 
y = coeff i cient of thermal expansion of the probe 
T = fluid t emperature (°C) 
F = output frequency (Hz) 
7 = f actor for greater resolution 
Water Solubility 
The so 1 ubil i ty of water in end-capped PPG or PAG samp 1 es was 
de term i n e d by De an-St ark a z e o t ro pi c di st i 11 at i on and Io r Kar 1 Fi sch er 
titration. The procedure for Dean-Stark azeotropic distillation is as 
follows: a known weight (approximately 25 g) of dry sample was 
pipetted into a 250-ml, single-necked, round-bottomed flask followed 
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by a known volume of deionized water equal to 2% of the weight of the 
sample, assuming deionized water is 1.0 g/ml. Stirring or agitation 
was prohibited as this would cause emulsion formation due to the close 
dens i ty values of sample and water. The water/sample solution was 
allowed t o set for twenty-four hours to reach equilibrium. After 
twenty-four hours, the excess water which did not dissolve in the 
sample was removed with a Pasteur pipet. 
One hundred ml of previously dried (molecular sieves) hexane was 
added to the sample . A Dean-Stark moisture trap with 0.1 ml subdivi-
si ons attached to a condenser fitted with a drying tube was connected 
to the sample flask . The sample was heated to reflux for twenty-four 
hours. After twenty-four hours, the volume of water in the trap was 
measu red and percent water was calculated. 
o = (weight of water) 
%H20 (weight of sample) 
Use relationship, 1.0 ml of water is equal to 1.0 g of water 
The procedure for determining water solubility in end-capped PPG 
or PAG sampl es using Karl Fischer titration is described as follows: 
a kn own weight (approximately 10 to 20 g) of dry sample was pipetted 
into a 50-ml Erlenmeyer flask. A known volume of deionized water 
equal to 2% of the weight of the sample was pipetted into the sample. 
The water/sample solution was allowed to set for forty-eight hours to 
achieve equilibrium unless otherwise noted in Table XVIII. After 
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forty-eight hours, the excess which did not dissolve in the sample 
was removed with a Pasteur pipet. 
The titrations were pe rformed using a Fischer Scientific K-F 
titrator (model 390/392). Standardization was performed with weighed 
samples of deionized water. Known weighed samples (approximately 2 to 
3 g) were titrated to an end-point. These titrations were repeated at 
least twice; in most cases in triplicate. The percent water was 
calculated from the following relationship: 
(mg water) 
Titer = (ml Fischer reagent) 
Titer is determined from standardization with deionized water 
%H 0 = (Tite r) X (ml Fischer reagent) X 100 2 (mg sample) 
RESULTS AND DISCUSSION 
Instrumental Analysis 
Instruments and analytical services used in the analyses were as 
fol lows: Perkin Elmer 457 grating infrared spectrophotometer, Nicolet 
MX-S fourier transfo rm infrared spectrophotometer, Varian EM-360A 60 
MHz nuc lear magnetic resonance spectrometer. Elemental analyses were 
perf armed by Robertson Laboratory, 7 3 West End Avenue, Florham Park, 
NJ 07932. 
Due to similarities in structure of the polymeric starting 
materials and products and the nature of the chemical modifications of 
starting material, the primary instrument used to qualitatively 
determine occurrence of a reaction was an infrared spectrophotometer. 
Because liqui d chromatographic equipment was not available, quantita-
ti ve determination of the extent of the reaction was not possible. If 
the starting material contained a hydroxyl group (the modification 
target) a decrease in intensity or complete absence of the 0-H stretch 
band at 3460 cm-l indicated the reaction occurred. In cases where the 
starting material did not contain a hydroxyl group, the reaction 
product was sent for e 1ementa1 analysis to determine if a reaction 
occurred. 
When appropriate, an NMR was run to determine if a reaction 
occurred. NMR spectrums were of most value for fluorohydrocarbon and 
tosyl end-capped PPG molecules. 
Combustion Analyses 
Calculations 
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Calculations to determine the theoretical elemental percent 
composition for PPG and end-capped PPG or PAG based on the weighted 
average molecular weight of the compound were carried out as follows: 
Example: 
H-(O-CH-CH2) -0-H I x 
CH3 
Polypropylene Glycol Avg M W 725 
Two assumptions were made before the value of x could be calcu-
lated. First it was assumed that the oligomer had a narrow molecular 
weight distribution and second that the compound was not a blend of a 
high and low mol ecular weight oligomer. To determine · the value of x 
(number of monomer units) in the above chemical formula, the atomic 
weight of one monomer unit was calculated as follows: 
c 3 x 12 = 36 
H 6 X 1 = 6 
0 1 x 16 = 16 
"58" a.m.u. per monomer unit 
The weight of atoms not in the repeating monomer unit was calcu-
lated and then substracted from · the average molecular weight to obtain 
an adjusted average molecular weight. The calculated weight of one 
monomer unit was then divided into the adjusted average molecular 
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weight of the compound to determine the number of monomer units in the 
compound. 
0 1 x 16 = 16 
H 2 X 1 = 2 
725 Avg M W 
-18 
18 a.m.u. of atoms not in monomer unit 
707 adjusted Avg M W 
707 = 12.19 monomer units 
58 
The value for x is interpreted as a blend of PPG molecules, in 
this case 12.19 indicates a blend containing 81% PPG with 12 monomer 
units and 19% PPG containing 13 monomer units. 
The theoretical molecular weight of the compound containing only 
oligomers with 12 monomer units was calculated as follows: 
Theoretical molecular weight = (a.m.u. of one monomer unit) 
X(number of monomer units) + (a.m.u. of atoms not in monomer 
unit) 
714 = (58) x (12) + (18) 
This calculation is repeated for 13 monomer units 
772 = (58) x (13) + (18) 
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The percent composition of the element of interest in the 
molecule is then calculated using a weighted average in the following 
manner: 
a.m. u. of e~ement in molecule = (a.m.u. of element) X [(number 
of atoms of element in monomer unit) X (number of monomer units) 
+ (number of atoms of element not in monomer unit)] 
percent el ement = [ A x B + (100-A) x B ] x lOO C D 
A - percent composition of molecule in blend 
B - a.m.u. of element in molecule 
C - theoretical M W of first molecule in blend 
D - theoretical M W of second molecule in blend 
For hydrogen: 
74 a.m.u. = (1) X [(6) X (12) + (2)] 
80 a.m.u. = (1) X [(6) X (13) + (2)] 
(.81)(74) + (.19)(80) x 100 = 0 36% H 714 772 1 . % 
This percent element composition was used for comparison of 
experimental to theoretcial percent element composition. 
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Once the percent composition of the starting material was 
determined from the calculation of the number of monomer units in the 
starting material, it was automatically known for the product since 
none of t he reactions changed the number of monomer units. Only end 
group changes occurred which in turn changed the molecular weight of 
the molecule. These new average molecular weights and theoretical 
molecular weights along with percent element composition of the 
product were calculated using the procedure outlined above. 
Preparation of End-Capped PAG or PPG Using Alkyl Halides 
End-capping of PPG or PAG with straight chain alkyl groups 
provided a high percent yi e 1 d of product and presented no problems 
except tha t a 11 of the reactions required two to three passes to 
achi eve 100% conve rsion of starting material. Use of excess base and 
alkyl halide had no effect on the number of passes required. Because 
the reaction conditions involved a two phase system, ·initially a 
phase-transfer catalyst (tetrabutylammonium hydrogen sulfate) was used 
in order to promote reaction2' 3 However, since polyglycols are known 
to function as phase t ransfer catalysts4, reactions were also run in 
the absence of tetrabutylammonium hydrogen sulfate. The latter 
condi tions resulted in a considerably simpler work-up and, in addi-
tion, infrared analysis indicated no difference in extent of reaction. 
Therefore, a 11 subsequent react i ans were run without added phase-
transfer catalyst. 
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Diethyl end-capped PPG was synthesized in an aqueous two-phase 
system and in an anhydrous one phase system to investigate the extent 
of reaction. No difference was observed. Both runs had to be 
repeated twice in order to achieve complete conversion of starting 
mat erial . Combustion analysis data for PAG, n-butyl methyl end-capped 
PAG, PPG and dimethyl end-capped PPG are presented in Table X. 
PAG 
Element 
c 
H 
n-Butyl methyl capped PAG 
Element 
c 
H 
TABLE X 
Combustion Analysis 
c4H9-(0-fH-CH2)x-OH 
CH3 
Calculated (%) 
62.41 
10.74 
c4H9-(0-fH-CH2)xb-CH3 
CH3 
Calculated (%) 
63.18 
10.82 
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Avg M W 600 
Experimental (%) 
62.58 
10.74 
Avg M W 614 
Experimental (%) 
64.21 
10.86 
PPG 
Element 
c 
H 
Dimethyl capped PPG 
Element 
c 
H 
TABLE X (Continued) 
H-(0-CH-CH )-OH 
1 2 x 
CH3 
Cal cula ted {%) 
60.53 
10.36 
CH3-(0-fH-CH2 )xO-CH3 
CH3 
Calculated (%) 
61.46 
10.51 
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Avg M W 725 
Experimental (%) 
60.02 
9.70 
Avg M W 753 
Experimental (%) 
62.79 61.89 
10.65 10.54 
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Synthesis of several branched alkyl end-capped PPG compounds was 
attempted. End-capping PPG with an isopropyl group was first 
attempted. The presence of 0-H stretch band at 3460 cm- 1 in IR 
analysis indicated that the desired product was not synthesized. Gas 
chromatography confirmed the absence of 2-bromopropane in the reaction 
mixture. In the presence of excess base and heat, elimination of HBr 
from 2-bromopropane was apparently the preferred reaction. 
Because 2-bromopropane, a secondary alkyl halide, underwent 
elimination instead of the desired nucleophilic substitution, end-
capping PPG with a neopentyl group was attempted in an effort to 
synthesize a branch ed alkyl end-capped PPG molecule. However, infra-
red analysis of the product indicated little change in the 0-H stretch 
at 3460 cm-l from which it was concluded that the desired product was 
not formed. Apparently the reaction conditions promoted ionization of 
neopentyl ch 1 ori de fo 11 owed by carboca ti on rearrangement and subse-
quent proton loss to give an alkene (Scheme I). 
End-capping of PPG with an i sobutyl group was a 1 so attempted 
but, as in the isopropyl and neopentyl cases, the desired product was 
not obtained as indicated by the presence of a prominent 0-H stretch 
-1 at 3460 cm . 
It was anticipated that fluoroalkyl halides would react in a 
manner similar to straight chain alkyl halides, thus giving fluoro-
alkyl end-capped PPG derivatives. Based on this reasoning, end-
capping of PPG with trifluoroethyl and perfluoropropyl groups was 
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polar solvent 
alkoxi de 7 
Scheme 1. Rearrangement Mechanism For Neopentyl Chloride 
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attempted but fa i1 ed to produce the desired products. Chemically, 
trifluoroethyl iodide is quite different from ethyl iodide, since the 
three fluorine atoms shield the carbon atom from nucleophilic attack 
and through their inductive effect appear to cause the C-I bond to be 
polarized in the direction opposite to that found in ethyl iodide5. 
This same logic can be extended to the perfluoropropyl iodide 
molecule. This reverse polarity could cause the _ a·lkoxide to attack 
' · 
the partial positively charged ipdide atom forming an unstable inter-
mediate which reverts to glycol starting material. It has also been 
postulated that the hydrogen atom alpha to the CF3 group can be 
remo ved by base fol lowed by loss of iodide ion and formation of an 
alkene6 . These reaction pathways are presented in Scheme 2. 
Failure to end-cap PPG with alkyl groups containing three or 
more fluorine atoms prompted the decision to try end-capping with a 
2-fluoroethyl group. Since trifluoroethyl and perfluoropropyl iodide 
molecules exhibit chemical behavior different from their analogous 
hydrocarbon iodide molecules· due to the inductive effect of the 
fluorine a toms, then a mo 1ecu1 e containing only one fluorine atom 
should experience only a small inductive effect. Therefore, this 
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molecule should exhibit chemical behavior only slightly different from 
ethyl iodide. This reaction was carried out under aqueous and anhy-
drous conditions at moderate temperature with no desired product 
formed. Under more rigorous conditions infrared analysis indicated 
the desired product was formed as indicated by a decrease in the 0-H 
stretch at 3460 cm-l To achieve complete conversion of starting 
material, the react ion would have to be run at least twice. 
+ 
I-(O-fH-CH2)x-O-I 
CH3 
unstable intermediate 
solvent 
H-(O-yH-CH2)x-0-H 
CH3 1 50% aq. NaOH 
O-CH-CH2-(0-CH-CH2)-01 + I I x-
CH3 CH3 
-OH 
+ 
H-(0-CH-CH ) -0-H I 2 x 
CH3 
Scheme 2. Reaction Mechanism For PPG/Alkyl Halide 
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Preparation of Bromo End-Capped PAG Using Chlorotrimethylsilane/ 
Lithium Bromide 
IR analysis of the reaction product of each run indicated the 
-1 presence of an 0-H stretch at 3460 cm under al 1 of the reaction 
conditions presented in Table III. Although the chlorotrimethyl-
silane/ lithium bromide reagent gives high yields of alkyl bromides 
from the corresponding alcohols, Olah7 and Jung8 have evidence that 
cleavage of di alkylethers occurs when treated with chlorotrimethyl-
silane/lithium bromide. Rea ction conditions for cleavage of ethers 
are more r igorous than conditions for halogenation of ·alcohols. 
Cl eavage of ethers require approximately 16 hours at 82°C compared to 
20 to 40 minutes at 25°C for halogenation. The reaction conditions in 
Table I II definitely favored cleavage of PAG and this cleavage 
reacti on is presented in Scheme 3. 
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Preparation of Halogen End-Capped PPG Using Triphenylphosphine/Carbon 
Tetrahalide 
IR analysis indicated end-capping of PPG with chlorine and 
bromi ne occurred as reflected in the absence of 0-H stretch band at 
-1 3460 cm . The IR spectrum of dichloro end-capped PPG showed a sharp, 
characteristic C-Cl stretch at 688 cm-1, while dibromo end-capped PPG 
showed a sharp C-Br stretch at 660 cm-1. The presence of chlorine in 
the dichloro end-capped PPG was confirmed by combustion analysis as 
presented in Tabl e XI . 
Complete conversion of starting material required the reaction 
to be run t wice. Kinet i c studies by Slagle, Huang and Franzus9 estab-
lished the fact that this reaction had a solvent dependent reaction 
rate and indicated that charge separation is the rate-determining 
step. Therefore , changing from a non polar solvent such as carbon 
tetrachloride to a pol ar solvent such as acetonitrile should increase 
the reaction rate . No difference in the extent of reaction was 
observed for acetonitrile and carbon tetrachloride solvents although 
under much shorter reaction times the difference would probably be 
apparent. 
In the case of di bromo end-capped PPG, no difference in the 
extent of reaction was observed for reactions run at 8l°C, 23°C and 
0°C under the designated reaction time ~ A problem of purification of 
product was encountered as carbon tetrabromide was soluble in the 
product. Solvents such as hexane, benzene, diethyl ether, THF, 
ethanol/water and methanol/water were investigated to try and find a 
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solvent system which would dissolve one component but not the other. 
No such solvent system was identified and therefore, the product was 
left in its impure state and no measurements or reactions were carried 
out with di bromo end-capped PPG. Removal of carbon tetrabromi de by 
distillation (bp 102°C at 50-mm Hg) 10 at reduced pressure would solve 
the purification problem. 
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TABLE XI 
Combustion Analysis 
Dichloro End-Capped PPG Avg M W 762 
Element Calculated Experimental (%) (%) 
c 57.59 58. 97 . 
H 9.60 9.98 
Cl 9.33 9.01 
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Preparation of Difluoro End-Capped PPG Using PPG/Diethylaminosulfur 
Trifluoride 
Reduction in the intensity of the 0-H stretch at 3460 cm-1 
indicated that some conversion of PPG had occurred. The incomplete 
conversion is unexplained since unreacted -· diethylaminosulfur 
trifluoride on contact wi t h water reacts exothermically, generating 
sulfur dioxide. This was not observed during product work-up. 
After a second reaction pass was carried out, but before product 
work-up, IR analysis was performed on the crude reaction product with 
-1 
no evidence of 0-H stretch at 3460 cm . After product work-up, an 
0-H stretch appeared in the IR spectrum. It was first thought that on 
conta ct wi th water the product decomposed since some literature 
sources11 had sta ted that monofluorides seemed to be unstable. To 
test this hypothesi s, the product was washed a second time with water 
and t hen dried . IR analysis gave no evidence that the 0-H stretch 
band had increased in intensity. Therefore, it was concluded that 
difluoro end-capped PPG was stable towards water but the presence of 
0-H band is unexplained. Combustion analysis was performed to confirm 
the presence of fluorine in the molecule and the results are presented 
in Table XI I. 
Oifluoro End-Capped PPG 
Element 
c 
H 
F 
TABLE XII 
Combustion Analysis 
F-CH-CH -(0-CH-CH )-F I 2 I 2 x-1 
CH3 CH3 
Calculated (%) 
60.19 
10.03 
5.23 
63 
Avg M W 729 
Experimental (%) 
58.29 
9.86 
4.64 
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Preparation of Difluoro End-Capped PPG From Dichloro End-Capped PPG/KF 
IR analysis indicated that the desired product was not synthe-
sized as reflected in the C-Cl stretch at 688 cm-1 which is due to 
di chloro end-capped PPG starting material. Combustion analysis 
confi rmed the absence of fluorine in the molecule. 
Although not confirmed, it was believed that the dichloro 
end-capped PPG starting materia l contained a primary and secondary 
halide based upon the presumed structure of PPG. Under the 
experimental reaction conditions the primary chloride should have 
given fluoride substituted product while the secondary chloride should 
have given mostly alkene due to elimination. The IR spectrum gave no 
evidence of unsaturation in the molecule or that a reaction even 
occurred . Stud i es by C • L • Li o t ta and H . P . Harri s 12 us i n g K F i n 
crown ethers indicate t hat alkyl chlorides react slower than alkyl 
bromides wi th fluoride ion. Since the reaction time of this reaction 
was based on the reaction time of reactions using alkyl bromides, the 
failure to synthesize difluoro end-capped PPG may have been due to 
insufficient reaction time. 
Hydrogenolysis of Dichloro End-Capped PPG 
Studies by F. Rolla13 have shown that alkyl halides can be 
converted to the corresponding alkane using sodium borohydride under 
phase-transfer conditions. Rolla's reaction procedure was followed 
except the phase-transfer ·catalyst was eliminated, since the PPG 
exhibits inherent phase-transfer properties. 
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While hydrogenolysis of primary alkyl bromides is an exothermic 
process, the less reactive primary and secondary alkyl chlorides 
require higher temperatures to undergo reduction. The product of the 
reaction run at 80°C for 42 hours showed no evidence of alkane forma-
tion. IR analysis indicated the presence of a C-Cl stretch at 
688 cm-l due to starting material and combustion analysis confirmed 
the fact that no reaction occurred with the presence of chlorine 
(8 .82%). 
Competing reactions occurred between the sodium borohydride and 
alkyl chloride and water, but because sodium borohydride was used in 
such excess, it was thought quantitative reduction of alkyl chloride 
was feasible. It was hypothesized that at 80°C for an extended time 
period, the rate of reaction with water was much greater than forma-
tion of alkane. The reaction was repeated at room temperature for a 
shorter time peri od to decrease the rate of reaction with water but 
hyd rogeriolysis of the alkyl chloride still did not occur. · 
Possible reasons for failure of this reaction are that under 
these particular reaction conditions dichloro end-capped PPG may not 
be functioning as a phase-transfer catalyst. In addition, since 
primary and secondary alkyl chlorides are not as reactive as the 
corresponding alkyl bromides, the rigorous reaction conditions 
required for hydrogenolysis of the alkyl chloride to alkane could be 
such that reaction of water in the system would occur before reduction 
of the alkyl chloride. 
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The failure of aqueous sodium borohydride as a reducing agent 
prompted the investigation of LiAlH4
14
. Reactions of dichloro end-
capped PPG and Li A 1 H4 with and without so 1 vent were examined. IR 
analysis indicated the synthesis of alkane due to the absence of C-Cl 
stretch band at 688 cm-l for the reaction using LiAlH4 in THF solvent. 
Two repeti tions of the reaction were required to obtain complete 
conversion. Combu stion analysis confirmed the absence of chlorine in 
the molecu l e . IR and combustion analysis confirmed the presence of 
dichloro end-capped PPG in the reaction using LiAlH4 with no _solvent. 
Failure of the LiAlH4 reaction using no solvent was probably due to a 
mass transfer problem associated with a solid-liquid slurry system. 
Preparation of 2,2,2-Trifluoroethyl End-Capped PPG Using Dichloro End-
Infra red and combustion analysis indicated the presence of 
dichloro end-capped PPG starting material and thus it was concluded 
that at moderate temperatures no desired product was synthesized. 
Since a white solid appeared, sodium 2,2,2-trifluoroethoxide 
apparently was observed to have been generated under anhydrous con-
di tions using metallic sodium. Therefore, the failure of the reaction 
was thought to lie in the rate of nucleophilic attack of the alkoxide 
towards the dichloro end-capped PPG. 
The reaction was repeated at 150°C for an extended period of 
time to increase the reaction rate and achieve complete conversion. 
Infrared analysis indicated the absence of the C-Cl stretch at 
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688 cm-l and the appearance of a vinyl ether c::;c stretch at 
-1 1665 cm . This olefinic band is characterized by its higher 
intensity compared with the c=c stretch of olefinic hydrocarbons 15 . 
The appearance of bands at 1275 cm-1, 960 cm- 1 and a shoulder at 
-1 1160 cm on the C-0 stretch band were due to the CF3 group. 
Unsaturation in the molecule indicates the elimination of HCl, 
thus fo rming vinyl ether end-capped groups on the molecule. The 
appearance of bands due to the CF3 group indicated that substitution 
also occurred. Combustion analysis (Table XIII) confi rmed that some 
substitution occurred although not 100% as indicated by the low 
fl uor i ne value. From infrared and combustion analysis it was hypothe-
sized that the reaction gave a mixture of four poss i b 1 e products of 
which their percent elemental composition are presented in Table XIII. 
The presence of unsaturation in the molecule prompted an attempt 
at catalytic hydrogenation of the product using 5% palladium catalyst 
on powdered charcoal. The extreme stability of vinyl ethers was 
probably a factor in the failure of this catalytic hydrogenation. 
Studies by 0. W. Rogers16 on hydrogenation of vinyl ethers 
indicate that the ethoxy group has a greater stabilizing influence on 
a doubl e bond than a methyl group by a factor of more than two. The 
stabilization effect of an etherial oxygen, presumably due to delocal-
i za ti on of TI e 1 ectrons of the daub 1 e bond and the nonbonded oxygen 
pair over the 0-C-C framework, is greater than the conjugation stabil-
ization of an adjacent double bond. 
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This same logic can be extended to the PPG molecule where an 
ispropoxy group provides stability to the double bond. Due to the 
increased stability of the vinyl ether functional group, hydrogenation 
wou ld be expected to require more rigorous conditions involving a more 
active catalyst and perhaps higher reaction temperatures. 
Element 
c 
H 
F 
Cl 
TABLE XIII 
Combustion Analysis 
Experimental Results 
% 
63.62 
10.13 
2.58 
0.00 
Di-2,2,2 trifluoroethyl end-capped PPG 
Element 
c 
H 
F 
Calculated (%) 
54.76 
8.66 
12.83 
fH::::CH-(O-fH-CH 2)xQ2f==CH 2 
CH3 CH3 CH3 
Dipropene end-capped PPG 
Element 
c 
H 
Calculated (%) 
63.69 
10.33 
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Avg M W 895 
Avg M W 687 
TABLE XIII (Continued) 
fH::::CH-(O-fH-CH 2)x-l-O-CH2CF3 
CH3 CH3 
or 
CF3CH2-(0-fH-CH2)x-l-O-f==CH2 
CH3 CH3 
Propene, 2,2,2-trifluoroethyl end-capped PPG 
Element 
c 
H 
F 
Calculated (%) 
58.66 
9.40 
7.23 
70 
Avg M W 788 
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Preparation of 2,2,2-Trifluoroethyl End-Capped PPG Using PPG/2,2,2-
Trifluoroethyl p-Toluenesulfonate 
End-capping of PPG using 2,2,2-trifluoroethyl p-toluenesulfonate 
in an aq ueous reaction system at moderate temperature proved to be 
unsuccessful as indicated by the presence of 0-H stretch at 3460 cm-1. 
An infrared spectrum (KBr) of the sol id by-product indicated that 
sodium p- toluenesulfonate had been generated. This sulfonate salt 
showed characteristic asymmetric and symmetric S=O stretch at 
- 1 -1 1180 cm and 1045 cm , respectively. It was hypothesized that in 
the presence of base, hydrolysis of the sulfonate occurred. 
-OH 
Na OH 
> 
To eliminate the hydrolysis problem, the reaction was repeated 
under anhydrous conditions at an elevated temperature for an extended 
time period. A significant decrease in the 0-H stretch at 3460 cm-l 
indicat ed some desired product was synthesized, but absorbance due to 
any CF3CH2 end-capping group would be masked by the unreacted 2,2,2-
trifluoroethyl p-toluenesulfonate. Subtractive infrared analysis 
indicated that bonds at 1275 cm-1, 960 cm-land 1175 cm-l were due to 
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The removal of the 2,2,2-trifluoroethyl p-toluenesulfonate 
contaminate in an effort to purify 2,2,2-trifluoroethyl end-capped PPG 
through hydrolysis was unsuccessful. Chromatographic techniques such 
as part i tion, gel permeation or molecular sieve size exclusion ·could 
be used to puri fy the product. 
Preparation of 2,2,2-Trifluoroethyl End-Capped PPG Using PPG/2,2,2-
Trifluoroethyl Trifluoromethanesulfonate 
Because of the incomplete conversion of PPG to desired product 
using t he 2,2,2-tri fluoroethyl p-toluenesulfonate alkylating agent and 
the purifica tion problems encountered, the alkylating agent 2,2,2-
t rifluoroethyl trifluoromethanesulfonate was tried. This alkylating 
reagent is several hundred times more reactive than Tosylates and 
purification would present no problems since the by-product trifluoro-
methane sulfonic acid should be soluble in water. 
Following a procedure developed by 17,18 R. L. Hansen , the 
alkylating agent 2,2,2-trifluoroethyl trifluoromethanesulfonate 
(CF3so2ocH2CF3) was synthesized in a 1% yield. Because of absorbance 
overl ap of CF3 and sultanate functional groups, infrared analysis 
could not conclusively confirm the identification of the compound but 
it was confirmed by NMR (cc1 3o) c; 4.7 (q, 2H). The extremely low 
yield of this reaction is unexplained. 
The synthesis of 2 ,2 ,2-tri fl uoroethyl end-capped PPG from the 
previously synthesized alkylating agent 2,2,2-trifluoroethyl tri-
fluoromethanesulfonate gave a brown liquid and a black solid which was 
not soluble in acetone, chloroform or carbon tetrachloride and, 
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therefore, was not characterized. Characterization of the brown 
liquid was limited to infrared analysis due to sample size. A 
decrease in 0-H stretch at 3460 cm-l was observed but absorbance due 
to sul fonate and CF3 functional groups were present. Therefore, no 
conc lusion could be made on the basis of the infrared spectrum as to 
whether or not desired product was synthesized. 
Preparat ion of 2,2,2-Trifl uoroethyl End-Capped PPG Using Tosyl End-
Capped PPG/CF3CH20H 
Because of the incomplete nucleophilic substitution of the 
CF3CH2
8 anion for the c18 and the undesirable elimination of HCl in 
t he 2 ,2,2-trifluoroethyl end-capped PPG synthesis, another route was 
exami ned . Because a tosyl group is a better leaving group than a 
halogen it was postulated that conversion of PPG to a sulfonic ester 
intermediate (tosylate) followed by reaction with CF3CH2
8 would give 
the desired 2,2,2-trifluoroethyl end-capped PPG. 
Following a modified procedure outlined by J.M. Harris19 , tosyl 
end-capped PPG was synthesized. An investigation of the concentration 
of p-toluenesulfonyl chloride in relation to the PPG starting material 
reveal ed through infrared analysis that a 2-3 fold excess of the tosyl 
chloride at 50°C gave complete conversion of starting material. The 
presence of 0-H stretch at 3460 cm-l indicated a 10% excess at 80°C 
gave incomplete conversion and required a second reaction pass. It 
was concluded that a two fold excess of tosyl chloride would be needed 
to give complete conversion. Under the latter condition, IR and NMR 
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analyses confirmed the presence of tosyl end-capped PPG: IR (thin 
film) 1370 cm-l and doublet at 1170 and 1185 cm-l due to symmetric and 
asymmetric s=o stretch, 1590 cm-l due to skeletal vibrations 
involving carbon to carbon stretching within the ring20 ; NMR (cc1 3o)o 
7.9 (d, 2H), o 7.4 (d, 2H), o 2.5 (s, 3H). 
Incomplete conversion of tosyl end-capped PPG to 2,2,2-trifluoro 
end-capped PPG at room temperature prompted the second alkylation pass 
at THF reflux. Upon completion of the second reaction pass, infrared 
and NMR analyses confirmed the complete conversion to desired product: 
IR (thin film) 1275 cm-1, shoulder at 1150 cm-1 and 960 cm-1 all due 
t o t he CF3 group; NMR (CC1 4) o 4.1 (q, 4H). 
A four fold scale-up was carried out at reflux but a pressure 
bu ild-up and subsequent blow out occurred causing loss of solvent and 
overheat i ng of product . Infrared analysis indicated the presence of 
- 1 0-H stretch at 3460 cm thus supporting the possibility of decomposi-
tion of product . 
The problems encountered in this scale-up may have been due to 
t he large amount of sodium p-toluenesulfonate generated, causing the 
reaction solution to become a slurry and stalling the mechanical 
stirrer. This would then cause overheating of the product and a 
pressure build-up of the solvent. The driving force created by the 
precipitation of the sodium p-toluenesulfonate may have been 
diminished somewhat when the reaction was run at reflux if the 
solubility of the salt increased at refluxing THF temperature. 
Interpretation of Data 
Viscosity 
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This physical property was measured for several straight chain 
al kane end-capped polypropylene glycol derivatives and compared to 
castor oil, a fill-fluid for which a replacement is being sought. A 
major disadvantage of castor oil is its high viscosity, which is 
attributed to its high content of ricinoleic oil which readily forms 
intermolecular hydrogen bonds21 . 
PAG, a mono end-capped polypropylene glycol, exhibited at 25°C a 
thirteen-fold decrease in viscosity compared to castor oil. This is 
due to a decrease in the degree of intermolecular association within 
PAG which has only one hydroxyl group per molecule which can enter 
into hydrogen bonding. As might be expected, end-capping PPG with 
straight chain alkanes decreased the viscosity at 25°C by factors of 
seventeen to twenty-two. End-capping of these polyether glycols 
essentially eliminates intermolecular hydrogen bonding . . 
A change in viscosity as a function of temperature (Figure 1, 
Table XIV) has been related to the conformation of the molecule. For 
the case of long chain molecules, when one or more of the hydrogens 
from a carbon-carbon single bonded chain are replaced by other atoms 
or groups of atoms, the planarity of the structure is very often 
disturbed. Substituents larger than hydrogen can cause severe steric 
or packing problems. To alleviate this very unfavorable energetic 
situation, other rotational angles, or succession of rotational angles 
must be adopted22 . As is the case of polypropylene glycol and its 
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derivatives, when these rotational angles are repeated in a systematic 
manner, a spiral or helical form of the chain must evolve. The 
observed viscosity behavior would be the result of two opposing 
effects on the molecule: on the one hand, a rise in temperature would 
increase the mean intermolecular distance while, on the other hand, it 
would expand the helices and thus diminish this distance. The expan-
sion of the helices opposes the effect of the increase of distance and 
may compensate it to a certain extent, so that in the final effect the 
mean intermolecular distance and, therefore, viscosity would appear to 
23 be affected only slightly by the temperature . Intermolecular 
hydrogen bonding which is present in PAG and polar bonding attraction 
which occurs in dichloro end-capped PPG due to the electronegativity 
of chlorine atoms are absent in the straight chain alkane end-capped 
PPG. These attractive forces appear to increase the viscosity as a 
function of temperature although the helical conformation of the 
molecu l es tend to moderate the increase in viscosity which was 
observed. 
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TABLE XIV 
Relationship Between Viscosity and Temperature for 
Various End-Capped PPG/PAG Derivatives 
Compound 
Eguation 
(cP) at 30 rpm 
di -n-butyl end- capped PAG 1 og n = 0.742 - 0.013T 
n-butyl methyl end-capped PAG 1 og n = 0.815 - 0.017T 
dimethyl end-capped PPG 1 og n = 0.851 - 0.017T 
diethyl end -capped PPG log n = 0.949 - 0.020T 
di-n-propy l end-capped PPG 1 og n = 0.844 - 0.014T 
di chloro end-capped PPG log n = 1.023 - 0.014T 
Castor Oil 24 1 og n = 3.717 - 0.035T 
PAG1 log n = 2.278 - 0.022T 
78 
r2 
0.9833 
0.96 
0.9934 
0. 9511 
0. 9914 
0.9719 
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Density 
Density measurements at 25°C and atmospheric pressure for PAG, 
PPG and several end-capped derivatives are presented in Table XV. PAG 
and PPG have higher densities than their straight chain hydrocarbon 
alka ne end-capped derivatives due to the terminal hydroxyl groups 
which undergo intermolecular hydrogen bonding thus increasing the 
packing of molecules per unit volume. When the hydroxyl group is 
repl aced by a straight chain alkoxy group, the density decreases 
because hydrogen-bonding is eliminated and close packing is no longer 
poss i b 1 e. In proceeding from a methyl to an n-butyl end-capping 
group, the weight of the capping group increases but density 
decreases. It was hypothesized that this behavior was due to 
increased disrupti on of the packing of the molecules due to the 
bulkiness of the group as the carbon number increased. 
From this logic one would expect a branched chain end-capping 
group to decrease the density still further. This was not observed in 
the hydrogenolysis product of dichloro end-capped PPG, a molecule 
containing one or two isopropyl end-capped groups, as the density was 
greater than diethyl or di-n-propyl end-capped derivatives. This 
behavior is unexplained. 
There appears to be a correlation between size and weight of the 
capping group and density. Replacing three hydrogens in the ethyl 
capping group with three fluorine atoms increased the density as 
should be expected due to the added weight of the fluorine atoms. 
When the hydroxyl group was replaced with a halogen atom, the difluoro 
80 
end-capped PPG exhibited a higher density than the dichloro end-capped 
PPG. This behavior suggests that the size of the group overrides the 
weight of the group for increasing the density. 
A linear relationship exists between density and temperature for 
end-capped PAG/PPG derivatives (Figure 2, Table XVI). Based on the 
small differences in slope for the alkane end-capped PPG/PAG mole-
cules , i t is hypothesized that the change in density as a function of 
temperature is a function of the polypropylene ether backbone struc-
ture and when T goes to zero in the equat i ens, it appears the end-
cappi ng groups influence the magnitude of the density. 
From the equations generated, the densities of the derivatives 
at 0°C i ncrease in the order that would be expected based on hydrogen 
bonding, weight and size effects of the capping groups. 
Compound 
PA Ga 
PPG 
di-n-butyl end-capped PAGa 
TABLE XV 
Density at 25°C 
n-butyl methyl end-capped PAGa 
dimet hyl end-capped PPG 
diethyl end-capped PPG 
di-n-propyl end-capped PPG 
dichloro end-capped PPG 
di fluoro end~capped PPG 
di -2,2,2-trifluoroethyl end-capped PPG 
Hydrogenolysis product of dichloro end-
capped PPG 
Mixture of unsaturated end group and 
2,2,2-trifluoroethyl end-capped PPG 
81 
P (kg/m3) 
972.6 
1002.6 ± 0.9 
943.9 
956.9 
974.9 ± 0.5 
966.5 ± 0.1 
960.6 ± 0.5 
1014.5 ± 2.0 
1030. 7 ± 1. 5 
1011.5 ± 1.7 
971.1 ± 0.5 
991. 9 ± 1. 7 
a -- value calculated from corresponding equations in Table XVI. 
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TABLE XVI 
Relations hi p Between Density and Temperature for Various PPG/PAG 
End-Capped Derivatives 
Compound 
PAG 
PPG 
di-n-butyl end-capped PAG 
Equation r2 
P = 996.2 - 1.lT + 6.2 x 10-3T2 
-1 P = 1019.0 - 7.74 x 10 T 0.9996 
P = 963.1 - 7.68 x 10-lT 0.9995 
n-bu tyl methyl end-capped PAG P = 977.4 - 7.87 x 10-lT 0.9986 
0.9996 
0.9816 
0.9997 
0.9998 
dimethyl end-capped PPG 
diethyl end-capped PPG 
di-n-propyl end-capped PPG 
dichloro end-capped PPG 
. 3 
p - in Kg/m 
T - in degrees Centigrade 
P = 991.4 - 7.86 x 10-lT 
P = 983.4 - 7.42 x 10-lT 
P = 978.2 - 7.74 x 10-lT 
P = 1037.0 - 8.01 x 10-lT 
84 
Sound Speed 
A linear relationship ex i sts between sound speed and temperature 
for end-capped PPG/PAG derivatives (Figure 3, Table XVII). In 
analyzing these equations for the polypropylene glycol derivatives, 
the slope of the lines are very close. This indicates that the rate 
of change of sound speed as a function of temperature is almost 
identical for these derivatives, which in turn suggests that the 
capping groups contr ibute very little or none to the sound speed rate 
of change with temperature. Thus the repeating propylene oxide units 
are mos t likely the major factor which influences the sound speed rate 
of change as a functio n of temperature. 
Intermolecular hydrogen bonding appears to be a major factor in 
t he ma gnitude of the sound velocity through a fluid. Except for PPG, 
all of the end-capped derivatives exhibited sound speeds of a very 
sma 11 magnitude difference. PPG, on the other hand, because of its 
ab ility t o hydrogen bond exhibited a sound speed which was 40 m/s 
faster than PAG and 50 to 60 m/s faster than the end-capped deriva-
t i ves. Reducing the amount of hydrogen bonding that a molecule can 
become involved in has a major impact on the magnitude of the sound 
velocity as observed between PPG and PAG where PAG theoretically has 
one half the hydrogen bonding ability of PPG. 
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TABLE XVII 
Relationship Between Sound Speed and Temperature for 
Various End-Capped PPG/PAG Derivatives 
Compound 
pure water1 
PAG1 
PPG 
di-n-butyl end-capped PAG 
n-butyl methyl end-capped PPG 
dimethyl end-capped PPG 
diethyl end-capped PPG 
di-n-propyl end-capped PPG 
dichloro end-capped PPG 
C in m/ s 
T in degrees Centrigrade 
Equation 
C = 1415.9 + 2.85T 
C = 1395.0 - 3.34T 
C = 1434.7 - 3.24T 
C = 1378.8 - 3.20T 
C = 1381.4 - 3.17T 
C = 1387.6 - 3.19T 
C = 1375.5 - 3.25T 
C = 1378.3 - 3.27T 
C = 1387.0 - 3.18T 
2 
r 
86 
0.9989 
0.9996 
0.9992 
0.9994 
0.9998 
0.9995 
0.9990 
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Water Solubility 
It was hypothesized that end-capping of PPG and PAG mo l ecu 1 es 
should result in a decrease in water solubility due to the elimination 
of t he te rmi na 1 hydroxyl groups which entered into hydrogen bonding 
with water molecules. After a twenty-four hour water saturation 
period, data from the Dean-Stark azeotropic distillation method 
confi rmed t he hypothesis (Tab 1 e XV II I). The Karl -Fischer titration 
method gave larger percent water values for the same compounds, but a 
longer water saturation period may have been a factor in the observed 
increase in water solubility. 
This increased time period might have been necessary to achieve 
an equ i lib r ium in which the hydrogens of the water molecule formed a 
hydrogen bond with the oxygens in the ether linkages. That is, the 
methyl branches in the backbone may inhibit hydrogen bonding by 
st erically hindering the water molecule from coming into contact with 
the oxygen atoms in the backbone. The results of both · analytical 
methods indicated that dimethyl and diethyl end-capped PPG had the 
hi ghest water solubility among the derivatives. Among the alkane 
end-capped derivatives, the methyl and ethyl groups are the smallest 
and · therefore contribute the least amount of steric hindrance to the 
space around the terminal oxygen ether linkages, resulting in the 
ability of the water molecule to move in close proximity to the oxygen 
and hydrogen bond. 
Water solubility tests are very sensitive to trace impurities in 
the sample. Because these tests were performed in order to obtain an 
88 
estimate and because impurities increase the amount of water 
dissolved, these reported values should be regarded as maximums. 
Refining the analytical procedure and purification of the samples 
using a chromatographic technique would most likely result in lower 
water solubility values. 
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TABLE XVIII 
Water Solubility at 25°C 
Compound 
PAG1 
PPG 
di-n-butyl end-capped PAG 
n-butyl methyl end-capped PAG 
dimethyl end- capped PAG 
diethyl end-capped PPG 
di -n-propyl end-capped PPG 
di chloro end-capped PPG 
di-2,2,2-trifluoroethyl end-capped PPG 
s ~ soluble in all proportions 
Dean-Stark Karl-Fischer 
1.8 
s s 
0.62 1.218 ± 0.010 
0.76 1.325 ± 0.049 
1.04 1.866 ± 0.002 
1.03 1.897 ± 0.062 
0.38 1.439 ± 0.001 
0.938 ± 0.031a 
0.45 
a -- water/sample stood for twenty-four hours 
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Adiabatic Bulk Modulus and Specific Acoustic Impedance 
A sound wave is the motion of material in response to a periodi-
cally varying force. The speed with which it travels is related to 
the speed with which the atoms in the material are able to move back 
and fo rth in response to an applied force. The smaller the distance 
between the atoms t he fa ster the wave can be propagated through the 
f lui d in a finite time peri od because of the short distance the atoms 
have to travel . 
One factor of which sound speed is a function is adiabatic bulk 
modulus (B) or reciprocal of compressibility. It is an elastic 
modu l us measu r ing the difficulty of compressing a liquid and is 
calculated from the equation below: 
B = ·p X c2 
B in Kg/m s or N/m2 
P density i n Kg/m3 
c -- sound speed in m/s 
Adiabatic bulk modulus and specific acoustic impedance values have 
been calculated for the polypropylene glycol and its derivatives 
(Table XIX). 
Molecules which have the ability to intermolecular hydrogen bond 
such as water, castor oil and PPG have high bulk modulus va 1 ues. A 
high bulk modulus is desirable because it eliminates the necessity for 
a pressure-relief transducer design. 
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Specific acoustic impedance (z) is the ratio of the pressure to 
the particle velocity in a material. Consequently, this term is 
assoc i ate d w i th the trans mi s s i on of a no rma 1 p 1 an e a co u st i c wave 
t hrough a material boundary. It is a characteristic property of the 
medium and of the type of waves that are being propagated through it. 
It is useful in calculations involving the transmission of acoustic 
waves from one medium to another. Specific acoustic impedance may be 
calculated by: 
z = p x c 
z - i n Kg I m2· s 
P -- density in Kg/m3 
c -- sound speed in m/s 
The specific acoustic impedance values for polypropylene glycol 
and its derivatives indicate that molecules with the ·ability to 
intermolecular hydrogen bond have the highest impedance values. 
Ideally a transducer fill-fluid should have a specific acoustic 
impedance that is equal to that of the medium (seawater) through which 
the sound wave travels in order to diminish the proportion of the 
acoustic energy that is reflected. 
TABLE XIX 
Calculated Adiabatic Bulk Modulus and Specific Acoustic 
Impedance Values at 25°C 
z x 106 
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Compound 
B X 109 
(Kg/m·s) ( Kg/m2· s) 
PAG 
PPG 
di-n-butyl end-capped PAG 
n-butyl methyl end-capped PAG 
dimethyl end-capped PPG 
die thyl end-capped PPG 
di-n-propyl end-capped PPG 
dichloro end-capped PPG 
castor oi1 28 (20°C) 
pure water 
sea water27 ,29 
1.673 
1.837 
1.592 
1.623 
1.668 
1.619 
1.615 
1. 734 
2.25 
2.205 
2.392 
1.276 
1.357 
1.226 
1.246 
1.275 
1.251 
1.246 
1.326 
1.46 
1.483 
1.565 
CONCLUSIONS AND RECOMMENDATIONS 
Based on the results of the physical tests run on the 
polypropylene ether derivatives, the polypropylene ether backbone 
infl uenced the rate of change of viscosity, density and sound speed as 
a function of tempera ture. Elimination of hydrogen bonding by 
end-cappi ng PAG/PPG with alkoxy groups decreased viscosity 
dramatically while capping with chlorine dropped viscosity 
s i gn i f i cantly but not to such an extent as the alkoxy groups. 
Wa t er solubility, a major concern for transducer fluids, was 
decrea sed by end-capped the PAG/PPG molecule. The large bulky capping 
groups exh ibited t he lowest water solubility due in part to the steric 
hi ndrance they create for the water molecule to hydrogen bond to the 
termi nal ether oxygens. End-capping with an alkylfluoro group or with 
ch l orine atoms decreased water solubility even further. 
The density of the various PAG/PPG derivatives tended to 
increase, due apparently to an increase in the degree of inter-
molecular association, as the size of the end-capping group decreased. 
A desirabl e increase in sound speed and adiabatic bulk modulus seemed 
to correlate with the ability of the molecules to hydrogen bond. 
These observations lend even stronger support to a molecule 
containing a polypropylene ether backbone as a class of potential 
transducer fill fluids. Of the derivatives for which the complete 
series of physical tests were performed, the dichloro end-capped PPG 
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derivative warrants further investigation as a promising universal 
transducer fill fluid. One aspect which requires further study is the 
stability and reactivity of this compound in the presence of a 
nucleophile. 
Based on the preliminary density measurement the difluoro 
end-capped PPG has considerable potential but further physical testing 
should be performed before a final conclusion can be reached. 
Other recommendations in regard to further work on this project 
are as follows: 
1. Optimization of the reactions through the use of gel 
permeation or high performance liquid chromatography 
reaction monitoring to increase the product conversion in 
one pass. 
2. Synthesis of a large quantity of di-2,2,2-trifluot:'oethyl 
end-capped PPG for density, viscosity and sound speed 
versus temperature testing. 
3. Investigation of alternate routes for the synthesis of 
difluoro and dichloro end-capped PPG which will have 
favorable production economics. 
4. Synthesis and physical testing of end-capped PPG 
derivatives using PPG with mo 1 ecul a r weights of 1000 to 
1500 should be carried out. End-capping should eliminate 
the viscosity problem associated with oligomers of this 
molecular weight range. Molecules with this molecular 
weight range would probably increase density, improve 
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compatibility and cut the cost of the fluid as the amount 
of capping material per unit weight of PPG would decrease. 
5. Development of a more cost effective method for synthesis 
of a branched PPG derivative through the elimination of the 
hydroxyl group would involve the synthesis of a tosyl 
end-capped PPG followed by reduction with LiAlH4. 
6. Synthesis of end-capped PPG derivatives containing fluorine 
and/or other halogens using fluoro olefins such as 
CF2=CF2 , CBrF=CF2 , CClF=CClF, CHBr::=CF2 , CHCl=CF2 , 
CH Cl= CCl F, CHF= CF 2 , CHCl = CHF. 
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